Introduction
A significant percentage of the non-protein coding regions, which make up about 90% of the human genome, have probably arisen by retrotransposition (Weiner et al., 1986) . Retrotransposition is defined as the movement of a DNA sequence to a different chromosomal location, by means of transcription of that element, followed by reverse transcription into cDNA and finally insertion back into the host genome (Weiner et al., 1986) . There are three major categories of sequences in humans which are documented or putative retroposons: these are SINES (short interspersed elements), LINES (long interspersed elements) and HERVs (human endogenous retroviral sequences). Alu elements are approximately 300 bp in length and are present at 105-10 ~ copies per haploid genome (Deininger, 1989) . De novo Alu retrotranspositions which resulted in neurofibromatosis type I (Wallace et al., 1991) and haemophilia B (Vidaud et al., 1993) have been reported. The L1 group is the largest known of the families of LINE like elements, consisting of approximately 10-50000 * Author for correspondence. Fax + 1 303 398 1225. copies per cell. The protypical L 1 sequence contains two open reading frames, one of which encodes a reverse transcriptase (RT) (Fanning & Singer, 1987) . Recently an L1 subfamily, denoted LI-1, has been identified which contains at least three members that encode a complete RT reading frame (Dombroski et al., 1991) . The conserved RT sequences plus the recent documentation of their involvement in haemophilia A (Kazazian et al., 1988) , breast carcinoma (Morse et al., 1988) and colon cancer (Miki et al., 1992) , as a result of insertional mutagenesis, demonstrates that L1 elements are retrotransposons and suggests that some of them retain both their mobility and mutagenic potential. An L1 element has been found at the breakpoint of an interstitial 5qchromosomal deletion (Nagarajan et al., 1991) . 5qdeletions are one of the more common deletions in myeloid cells, and are associated with myelodysplastic syndrome as well as a variety of myeloid malignancies (Nimer & Golde, 1987) .
The third category, which remain unproven as retroposons, are multiple families of HERVs, all of which have terminal LTRs and internal sequences that have gag, pol and env homologies. HERVs are represented in the genome in copy numbers ranging from one to several thousands (Wilkinson et al., 1994) . These HERVs have many of the structural features which are common to Ty retrotransposons in yeast (Boeke et al., 1985) . De novo somatic mutations involving HERVs have so far not been detected in human cells; therefore, the question of whether these elements are still active retrotransposons remains unanswered.
Recently, the expression of HERVs has been linked with disruption of immune function, particularly associated with autoimmune disease (Abraham & Khan, 1990) . Reports of retrovirus-like particles in Sjogren's syndrome (Garry et al., 1990) and sequences in Graves' disease (Ciampolillo et al., 1989) and multiple sclerosis (Kurth, 1986) suggest that their expression may have considerable impact on the immune system.
Of the several families of HERVs which have so far been characterized (Wilkinson et al., 1994) the HERV-H family of elements is the largest described to date; they are represented in the human genome by approximately 100 full-length 8"4 kb sequences (Hirose et al., 1993) , a further 900 truncated 5-6 kb sequences which contain deleted env genes and a further 1000 solitary LTRs (Mager & Henthorn, 1984; Mager & Freeman, 1987) . The HERV-H LTRs display many of the structural features of exogenous retroviruses including TATA box and polyadenylation signal sequences (Mager & Henthorn, 1984) . Their repetitive dispersed nature and their sequence similarity to retrotransposons found in other organisms suggest that HERV-H elements may be a family of human retrotransposons. Since retrotransposons move via an RNA intermediate, we initially documented the transcription of HERV-H elements in human cells: we and others (Johansen et al., 1989; Liu & Abraham, 1991) showed that they are highly transcribed in teratocarcinoma cells, in other cell lines and in full-term normal placentas.
During our initial screen we observed low level expression of an HERV-H transcript of 6 kb in normal unstimulated human peripheral mononuclear cells. Analysis indicated that this transcript was present in haemopoetic cells, including freshly isolated leukaemia cells (Kelleher et al., 1990) , but not in teratocarcinoma cells or in other cell lines, in spite of the fact that these latter cells transcribed abundant levels of other sized HERV-H transcripts .
HERV-H and other HERV containing transcripts have been documented, but not characterized, in peripheral blood mononuclear cells (PBMC) from a number of normal individuals (Medstand et al., 1992; Krieg et al., 1992; Brodsky et al., 1993) . The purpose of the present report is to present evidence that an HERV-H LTR is part of 6 and 4.5kb transcripts that are transcribed in activated T cells, and that this LTR provides the polyadenylation signal for novel mRNAs comprising several families of retrotransposon like sequences joined in tandem array. This is the first characterization of these transcripts in the human immune system.
Methods
Cells. PBMC and T-ALL leukaemia samples were obtained with informed consent from The Leukophoresis Center of the British Columbia Cancer Center, Vancouver, BC, Canada and The Childrens Hospital in Denver, Col., USA. T cells were separated by E-rosetting followed by centrifugation through Ficoll-Hypaque. Monocytes were separated from the non-rosetting Ficoll interface, which contained predominantly B cells and monocytes, by a further centrifugation through 60 % Percoll.
Tera-1 teratocarcinoma cell line was obtained from the ATCC and N-Tera 2D1 from Peter Andrews (Andrews et al., 1984) ; both were cultured in DMEM with 10 % FCS. OCI AML 2 and OCI AML 3 were cultured in ~-MEM containing 20% FCS. Purified T cells were cultured at 106/ml in RPMI 1640 containing 10% FCS and either 10 Izg/ml phytohaemagglutinin (PHA; Calbiochem) or 10 nM-phorbol dibutyrate (PDB; Sigma) and 500nM-Ionomycin (I; Calbiochem). Cyclosporin A (CsA) was obtained from Sandoz and was used in cultures at a concentration of 1 pg/ml. Cycloheximide (Sigma) was added to cultures at the same time as PHA or PDB and Ionomycin (P/I) and was used at 10 laM.
Extraction of mRNA and Northern blots. Purified peripheral T cells, monocytes, or pellets obtained from cell lines were lysed in 4 Mguanidinium isothiocyanate and centrifuged at 32000g for 20h through a cushion of 2 M-CsCI as described (Davis et al., 1986) . Poly(A) + RNA was isolated from total RNA by affinity chromatography on oligo(dT)-cellulose. RNAs were run on 1% agarose wick gels containing 0.66 M-formaldehyde, in 1 × MOPS running buffer (20 mM-MOPS, 5 raM-sodium acetate, 1 mM-EDTA, pH 7-0). Gels were run for 18 h at 1 V/cm.
In some experiments when poly(A) + RNA was not required, RNA was extracted by lysing cells in 300 mM-sodium acetate pH 5.5, 10 mM-EDTA, 0"25 % SDS, and 10 mg of sodium heparin grade 1 as an RNase inhibitor. Cell lysates were then extracted once with phenol-chloroform at 65 °C followed by a second extraction at room temperature. Total nucleic acids were precipitated by ethanol, and high molecular mass material (DNA) was removed by centrifuging at 1000 r.p.m, for 1 min at room temperature. RNA was also fractionated by submarine electrophoresis in a 1% formaldehyde-agarose gel. Separated RNA was blotted onto Zetaprobe membranes (Bio-Rad) or to Micron membranes (Micron Separations Inc.), using 20× SSC buffer. Zetaprobe blots were prehybridized at 65 °C overnight in 1.5 × SSPE (1 × SSPE is 0-18 M-NaC1, 20 mM-NaH~PO4, 1 mM-EDTA, pH 7-5), 1% BLOTTO (skim milk powder) and 500 ~tg heat denatured salmon sperm DNA/ml. Micron blots were prehybridized overnight at 42 °C in 50% formamide, 5 x SSC, 0.05 M-sodium phosphate, 0-5% SDS and 50 ~tg/ml salmon sperm DNA.
All probes, which are described in Results, were labelled with 3~p by random priming using an oligonucleotide labelling kit (Pharmacia), to a specific activity of approximately 109 d.p.m./~tg. Hybridizations were carried out overnight at 60 °C and blots were washed finally at temperatures ranging from room temperature to 55°C in 0.i × SSC-1% SDS for 30 min. Autoradiography was carried out at -70 °C for 1-5 days.
cDNA library construction, screening, hybridization mappings and sequencing. Poly(A) + RNA was purified from T cells which had been stimulated with PHA for 8 h. Five pg of poly(A) + RNA was used to construct a first-strand cDNA with an oligo(dT) primer and reverse transcriptase using a cDNA synthesis system (Invitrogen). Double-IP: 54.70.40.11
On: Mon, 26 Nov 2018 17:16:01 stranded cDNAs with linkers containing NotI restriction sites (Invitrogen) were size selected above 1.5 kb by agarose gel electrophoresis. The size selected cDNAs were ligated into 2gtl0 arms and packaged using Gigapak extracts (Stratagene). Ten randomly selected 2 minipreps were digested with NotI to verify insert size. The library contained approximately 200000 independent clones with inserts above 1.5 kb. Recombinant phages were plated and screened with a random primed 360 bp StuI-HindIII HERV-H LTR fragment (Mager & Henthorn, 1984) . Phage filter lifts were hybridized at 60-65 °C in 6 x SSC~.5 % SDS. Washes were done at the same temperature in 3 x SSC~).5 % SDS. Positive phages were grown and digested with EcoRI, and the insert DNA was subcloned into pUC18 or pUC19 and sequenced at both ends using the dideoxy-chain termination method modified for use with double-stranded plasmid templates and T7 DNA polymerase (Tabor & Richardson, 1987) . Clones which yielded the expected HERV-H sequence leading into a poly(A) stretch were subjected to further analysis by restriction and hybridization mapping. DNA sequences were analysed using software from the Genetics Computer Group (Devereux et al., 1984) and by BLAST-GenBank searching (Altschul et al., 1990) .
Results

Detection of 6 kb and 4.5 kb H E R V -H transcripts in activated T cells
We detected a 6 kb m R N A and lower levels o f a 4.5 kb R N A , using the 360 bp H E R V -H L T R probe, in P H Astimulated T cells. Fig. 1 shows that the transcripts are absent or undetectable in unstimulated T cells (lane 1), and increase in T cells stimulated by either P H A (10 gg/ml) alone for 8 h (lane 2) or a combination of P H A (10 gg/ml) and phorbol myristate acetate ( P M A ; 10 ng/ml) (lane 3). In contrast, when monocytes were purified by centrifuging the E-rosette negative fraction containing B cells and monocytes through a Percoll gradient, only barely detectable levels of H E R V -H transcript were seen (lane 5), even when the monocytes were activated with LPS (lane 4). In addition, we did not find transcription in either Epstein-Barr virus transformed B cells or in the neutrophil fraction from P B M C s (data not shown). The N-Tera 2D1 and Tera-1 teratocarcinoma cell lines showed high expression of multiple different sized H E R V -H transcripts (lanes 6 and 7) as previously reported , ranging from 5.6 kb to 700 bp and are included here as a positive control for H E R V -H transcription. Previously, we have shown that there is no evidence for the 6 and 4.5 kb T cell transcripts in either teratocarcinoma cells or in other cell lines which express high levels o f different sized H E R V -H transcripts . To delineate the kinetics of transcription, the time-course of appearance o f the transcripts was determined after stimulation o f P B M C with PHA. Fig. 2(a) shows a representative experiment in which the 6 and 4.5 kb transcript levels (the latter co-migrates with 28S ribosomal R N A ) increased in response to P H A ; these transcripts are visible within 4 h of stimulation, rise to m a x i m u m levels Because of the observed variation between donors in the kinetics of the appearance of the transcripts, we investigated whether the 6 kb transcript was activated merely when the cells became competent. Competent T cells express the gene for IL-2 receptor, but do not express IL-2, so without a further signal, the cells are unable to proliferate (Kumagai et al., 1988; Or et al., 1992) . Competence can be achieved following treatment with 10 -8 M-phorbol dibutyrate and 5 x 10 -7 M-Ionomycin (P/I) for 30 min, after which the cells are thoroughly washed free o f mitogens. Under these conditions the 6 and 4.5 kb transcripts were not visible in competent T cells following P / I treatment for only 30 min (Fig. 2b, lane 2) , but were easily detectable after 4 h of continuous exposure to P / I (Fig. 2b, lane 3) . In order to confirm that the transcripts were not expressed as an early response gene we treated purified T cells with the protein synthesis inhibitor cycloheximide in the presence of P/I. Fig. 2 (b) lane 4 shows that transcription was almost totally blocked in the presence of 10 pM-cycloheximide. Activation of T cells can be blocked by the immunosuppressant Cyclosporin A (CsA). We investigated whether transcription of the HERV-H sequence could be blocked by CsA. Fig. 2(b) , lane 5 shows that transcription is nearly completely blocked in the presence of 1 pg/ml CsA. The presence of equal amounts of RNA in each lane was verified by ethidium staining of the gel prior to transfer and by equal hybridization with actin (data not shown).
Hybridization mapping of the transcript
In order to determine whether all, or a portion, of the transcripts consisted of HERV-H sequence, we used a screening procedure utilizing LTR subregion probes as described by Feuchter-Murthy et al. (1992) . Whether an HERV-H element is transcribed and contains only a 5' LTR, only a 3' LTR, or both, can be distinguished by differential hybridization to U5 and U3 specific probes. We utilized a mix of internal HERV-H probes [an 800 bp BglII-PvuII probe encompassing the HERV-H gag homologous region (probe 3 in Wilkinson et al., 1990) and a 1 kb EcoRI probe encompassing the pol homologous region of HERV-H (probe 5 in Wilkinson et al., 1990) ] to delineate whether transcripts contained internal HERV-H sequences. Fig. 3 shows that the 6 kb transcript, and to a lesser extent, the 4.5 kb transcript in PHA-treated T cells hybridized only to the U3 specific probe (panel i) and not to HERV-H U5 regions of the LTR (panel ii) nor to internal HERV-H probes (panel iii). Unstimulated T cell RNA from two different donors (lanes 1 and 5), or from the same donors T cells treated with PHA for 6 h (lanes 2 and 4) or monocytes from one of the donors treated with LPS (lane 3) were Northern blotted and successively probed with all four probes shown in Fig. 3 . RNA from two AML cell lines (OCI AML 2 and 3, lanes 6 and 7 respectively) were probed as negative controls, and RNA from N-Tera 2D 1 and Tera-1 (lanes 8 and 9) was probed with all four probes as positive controls. Hybridization with the U5 region of the LTR probe to N-Tera 2D 1 and Tera-1 RNA (Fig. 3,  panel ii, lanes 8 and 9) also established that the predominant HERV-H RNA was the 5.6 kb RNA, thus confirming our previous results . Hybridization of the teratocarcinoma RNA with U3 and internal HERV-H probes (Fig. 3 , panels i and iii, lanes 8 and 9) showed massive transcription of multiple HERV-H transcripts, again confirming our previous data .
The hybridization to the U3, but not to the U5, probes indicated that an HERV-H LTR is located at the 3' end of the 6 and 4.5 kb transcripts, and hence that the LTR may provide its polyadenylation signal. The lack of hybridization to internal HERV-H probes also suggested that the majority of the transcripts consisted of non-HERV-H sequence.
cDNA cloning of the 3' end
To further analyse the 3' region of the transcripts, we constructed a cDNA library from 5 gg of poly(A) + RNA from T cells which had been stimulated with PHA for 8 h. Subcloning into pUC 18 and sequencing of both ends indicated that one of the positively hybridizing inserts contained a sequence, called clone 20, of HERV-H LTR which led straight into a poly(A) sequence, as predicted from the hybridization mapping studies. The 5' end of the clone contained an Alu sequence. We thus postulated that the entire 1'7 kb clone contained repetitive elements. To verify this, purified restriction fragments from clone iiiiii:il ill! i 20 were hybridized with probes of a series of prototypic retrotransposon repetitive families. Positive hybridization was detected to members of the Alu, LINE-l, HERV-E and HERV-H sequences for the BstXI-SphI, NcoI-Tthlll I, SphI-PstI and StuI-EcoRI regions respectively (see Fig. 4c ). Each assignment of a restriction fragment to a retroposon family was confirmed by sequencing the relevant fragment. Fig. 4(b) shows the highest region of identity (89%), as determined by a BLAST search of GenBank (Altschul et al., 1990) and analysed by DNAsis software, between clone 20 LTR located at the 3' end and a solitary HERV-H LTR (clone ya88a12.s1, GenBank accession no. T53321). Fig. 4(c) shows a restriction map of clone 20 and a schematic representation obtained by hybridization mapping and confirmed by sequencing and GenBank analysis of the different families of retrotransposon like sequences contained in the 1.7 kb cDNA. The cDNA has an unusual cassette like modular structure containing tandemly linked retrotransposon sequences from four different families with an AT-rich sequence interposed between two of the transposon regions. The 5' region of clone 20 contains an LTR sequence which is highly homologous to another family of endogenous retrovirus like elements HERV-E (Martin et al., 1981) . HERV-E sequences are present at approximately 50 copies per (1992) . Therefore, whether an HERV-H element is transcribed and contains only a 5' LTR, only a 3' LTR, or both 5' and 3' LTRs, can be distinguished by differential hybridization to U3 (panel/) and U5 (panel ii) specific probes. The U3 probe was a 323 bp StuI SphI fragment of an HERV-H LTR (Mager, 1989) and the U5 probe a 108 bp HindlI~SspI fragment (Mager & Freeman, 1987) . The mix (panel iii) of internal HERV-H probes (an 800 bp BglII-PvuII probe encompassing the HERV-H gag homologous region (probe 3 in Wilkinson et al., 1990) and a 1 kb EcoRI probe encompassing the pol homologous region of HERV-H (probe 5 in Wilkinson et al., 1990) . Unstimulated T cell RNA from two different donors (lanes 1 and 5) , or from the same donors' T cells treated with PHA for 8 h (lane 2 and 4) or monocytes from one of the donors treated with LPS (lane 3) were Northern blotted and successively probed with all four probes indicated. The diffuse background hybridization in lanes 2 and 3 is indicative of low levels of contaminant DNA in these RNA preparations. Poly(A) + RNA (5 lag) from two AML cell lines (OCI AML 2 and 3, lanes 6 and 7 respectively) were probed as negative controls, and RNA from N-Tera 2D1 and Tera-1 cells (lanes 8 and 9) was probed with all four probes as positive controls. After the third probing, the filters were stripped and probed with fl-actin (panel iv).
human genome, and are thus more rare than HERV-H sequences. Sequencing indicated that the HERV-E sequence is broken about 20 nucleotides from its 5' end; a search indicated that the next 300 bp had greater than 90 % identity to an Alu sequence (Fig. 4 c) . Just 3' prime to the Alu element is a region with greater than 90 % identity to the LINE-1 family of repetitive elements. The region of clone 20 hybridized strongly to a probe of LINE-1 (kindly provided by Maxine Singer). Sequence analysis showed that the NcoI-Tthlll I restriction fragment is homologous to a sequence of the prototypic LINE-1 element at the locus which encodes reverse transcriptase. It includes a partial FADDM box which is thought to be part of the enzyme active site (Muranyi et al., 1988) .
Northern blotting with internal clone 20 probes
In order to provide more evidence that clone 20 comprised part of the 6 and 4-5 kb transcripts, we compared hybridization of poly(A) + T cell RNA to the original 360 bp StuI-HindIII LTR probe with two internal clone 20 probes. We used a 350 bp StuI-EcoRI probe from the cDNA clone and a 250 bp PstI-SphI probe from the internal region of the cDNA (restriction map in Fig. 4c ). Fig. 4(a) shows that the three probes 
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~G A~T G T C A C 3 X l k G T T G C T ] ? A G~G C q~I~
transcript or both. We had previously shown that the 6 and 4.5 kb bands were detectable in primary leukaemic cell RNA (Kelleher et al., 1990) with the StuI-HindlII LTR probe. In order to demonstrate that clone 20 probes could hybridize to RNA from leukaemia cells, we probed poly(A) + RNA from two T-ALL leukaemic patients with the EcoRI-StulI and SphI-PstI probes and again found the 6 and 4.5 kb bands present (Fig. 4a , right-hand panels). As with the T cell RNA the SphI-PstI probe also hybridized to two extra bands, in addition to the 6 and 4.5 kb transcripts. The identical hybridization to both 6 and 4.5 kb b a n d s in leukaemic R N A with both clone 20 probes is further evidence that our c D N A clone was derived from the 6 or 4"5 kb transcripts.
Clone 20 contains an A-T-rich region
Between the H E R V -H L T R and the LINE-1 region is a 214 bp region which is highly A-T-rich. The A-T-rich sequence (shown in Fig. 5 a) has an internally repetitive structure suggestive of minisatellite or microsatellite sequences; indeed a B L A S T G e n B a n k search revealed that it shared 60 % nucleotide identity with a minisatellite region that lies adjacent to the h u m a n glycogen phosphorylase locus ( G e n B a n k accession no. M77201). The
bp sequence has nine copies of an A G T C / T A T A motif, three copies of T A T A T T T A C T A A and contains
several copies of A U U U A sequences (Fig. 5a ). The A U U U A m o t i f is k n o w n to be associated with regulating m R N A stability (Peltz et al., 1991) . The A-T-rich region is the only part of the clone which had no significant identity to known families of retrotransposon sequences in the human genome. In order to ascertain the representative frequency of the A-T-rich region in the human genome, an RsaI digest of the Tthlll I-StuI fragment (shown in Fig. 5a ), which eliminates most of the AUUUA sequences that might lead to non-specific hybridization, was subcloned from the 1.7 kb sequence and was utilized to probe Southern blots of human genomic DNA at different stringencies. A single main band was evident (Fig. 5 b) . This suggests that the A-Trich region is present as a single copy per cell and further, that it represents the only unique region of the transcript so far identified.
Discussion
The central feature of this communication is the characterization of a cDNA in human T cells which contains multiple transposon-like sequences. Using two probes from clone 20 we detected reproducible hybridization to 6 and 4.5 kb transcripts in both activated T cells and in T-ALL cells (Fig. 4 a) . In addition, we detected the 6 and 4"5 kb bands, with other bands, when the entire 1.7 kb clone was used as a probe (data not shown). The 6 and 4.5 kb transcripts were originally detected with the HERV-H LTR probe. Taken together, these results strongly suggest that clone 20 is derived from the 6 and 4.5 kb transcripts seen in T cells and in T-ALL cells. Therefore, our results indicate that at least two transcripts containing multiple retrotranposon elements at their 3' ends are transcribed in T cells. We detected negligible levels of the transcript in LPSstimulated monocytes, and by far the highest expression appears to be associated with activated T cells (Fig. 1) . Although we have detected other HERV-H containing transcripts in EBV-transformed B cell lines (unpublished observations), we found no evidence for expression of the 6 and 4.5kb transcripts in these cells. Gene transcription in the 7 days after T cell activation can be divided into three temporal categories: the immediate genes, including transcription factors, are transcribed in the first 15-30 rain after activation. The early genes, those for interleukins, cytokines and their receptors, usually require protein synthesis for their transcription and precede cell division. The late genes, which include the VLAs (very late antigens) (for review see Crabtree, 1989 ) are transcribed after cell division. The expression kinetics of the HERV-H transcripts (Fig. 2) indicates that maximum transcription occurs during the early phase of the T cell activation process, at a time when many of the interleukin/cytokine genes which regulate cell proliferation are transcribed. Of all the identified genes transcribed during T cell activation (Crabtree, 1989; Zipfel et al., 1989) , the majority (92 %), have been classified as early or late. Our experiments confirmed that the transcripts are classified as early genes since (i) transcription was not apparent after 30 min of phorbol ester stimulation, and (ii) transcription was blocked by the protein synthesis inhibitor cycloheximide (Fig. 2 b) .
IL-2 transcription occurs within 45 min of T cell activation (Crabtree, 1989) and protein is detectable within 5 h (Gillis & Watson, 1980) . The immunosuppressant CsA inhibits IL-2 transcription almost totally, by inhibiting calcineurin protein phosphatase activity (Schreiber, 1992 , and references therein). Fig.  2(b) shows that the 6 and 4-5 kb transcripts were not detectable 30 min after activation, but were detectable after 4 h of continuous P/I stimulation. Transcription was inhibited in the presence of CsA (lane 5). T cell proliferation in the presence of P/I can be divided into two phases: brief exposure to P/I induces a state of competence, and if the P/I is removed, the cells will be unable to progress to proliferation unless they receive a second signal (Terada et al., 1992) . IL-2 is produced during the second progression phase and this second phase is refractory to inhibition by CsA (Terada et al., 1992) . Only competence induction can be inhibited by CsA (Terada et at., 1992) . The kinetics of induction of the transposon-containing transcripts, together with its inhibition by the immunosuppressant CsA, suggests that activation of the transcripts is IL-2 dependent, and that their transcription may be part of the central signalling pathway of T cell proliferation.
The detection of additional bands of 5.2 kb and 3-9 kb, on Northern blots of T cells and T-ALL cells with the SphI-PstI probe (see Fig. 4a ), in addition to the 6 and 4.5 kb bands, suggests that a complex family of transposon containing mRNAs, that do not contain HERV-H sequences, is expressed during early T cell activation. We have not yet determined the origin of these chimeric transcripts, although our sequence analysis indicates that there is an Alu element inserted into the middle of the HERV-E LTR sequence in clone 20 (data not shown). This suggests that these chimeric transcripts may have arisen as a result of several integration events into a region of the genome already containing repetitive sequence. The tendency of retrotransposons to integrate close to each other is well known (Deininger, 1989 , and references therein). In addition we and others have previously observed co-expression of HERV-H proviruses and solitary LTRs with cellular sequences either by read through transcription or by splicing into adjacent cellular genes Goodchild et al., 1992; Liu & Abraham, 1991) .
Our experiments have yielded three observations which suggest that the 6 and 4.5 kb transcripts may have a functional role in T cells. (i) The modular cassette is an early gene since transcription obeys well defined kinetics, IP: 54.70.40.11
On: Mon, 26 Nov 2018 17:16:01 reaching a maximum approximately 8 h after PHA stimulation. (ii) Transcription so far is restricted to haematopoietic lineages Kelleher et al., 1990 ) and appears to be maximal in T cells; therefore its lineage restriction implies specificity. (iii) The sequence of the A-T-rich region of the cDNA includes several AUUUA motifs, which have been associated with mRNA stabilization~lestabilization sequences (Shaw & Kamen, 1986) . AUUUA sequences have been postulated to function as binding sites for trans-acting factors which modulate mRNA turnover (Peltz et al., 1991) . The presence of seven of these AUUUA sequences in the cassette suggests that they have been conserved and further, that the regulated stability of the transcript is important.
Taken together, the regulated kinetics of transcription, the exclusive expression in haematopoietic cells and the presence of conserved stability motifs, suggest that the retrotransposon-containing mRNA may be functional in activated normal T cells and in T-ALL leukaemia cells. In order to further identify the function of these mRNAs, the full sequence of both 4.5 and 6 kb transcripts needs to be elucidated. These experiments are in progress.
